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Attormney Docket. No. 107373-29
Our clients ref: PT 111136/US

Page 1 of 2

ASSIGNMENT

in consideration of One Dollar {($1.00} in hand paid and other good and valuable
considerations, the receipt of which is hereby acknowledged, the undersigned [hereinafier
{collectively) named "Assignors”] hereby assign and transtfer to

(1
AEG Power Sciutions B.Y.
Weerenwey 28
1161 AH Zwanenburg
Metherlands

, & Duteh corporation, s successors, lagal representativas and assigns; the entire right, title
and interest in and to Assignor's application for Letlers Patent of the United Siales,
Appilication Serial No. , filad on , entitied

Resonant cireult inverter with controliable operating point

and to Assignors’ entire right, title and intarest in any and all inventions, whether joint or sols,
disclosed in said application for Lefters Patent, and In any and ali divisional or continuation or
renewal applications that may be filed for United States Letters Patent for any and all of said
inventions, and in and to any and all patents that may be granted on the foregoing
applications and any raissue or extension thereof,

The Assignors hereby authorize and requests the Commissioner of Patenis o issue
any and all of said Letiers Patent {0 said Assigness.

For said consideration, the Assignors hersby agree upon the request of sald
Assigness, iis successors, legal representatives or assigns, to exscute any and all United
States divisional, continuation and renewal applications for sald invention, and any and all
necessary oaths, supplemenial oaths or declarations or supplemental declarations or
affidavits relaling thersto, and any application for the reissue or exisnsion of any United
States Lefters Patent that may be granted upon said application that said Assignes, iis
succassors, legal reprasentatives or assigns may deem necessary or expedient.

For the said consideration the Assignor(s) further agree upon the request of saild
Assignee(s), s successors, legal representatives or assigns, in the event of sald application
or any division theraof, or Letters Patent issued therson or any reissue or application for the
reissue thereof, becoming involved in interference, to cooperate to the best of the abllity of
the Assignors with sald Assignees, its successors, legal representatives or assigns in the
matters of preparing and execuling the Preliminary Statement and giving and producing
gvidence in support thereof, the Assignors hereby agree o perform upon such request, any
and all affirmative acts necessary 1o obtain said Letlers Patent and vest all rights therein
hereby convevad In said Assigness, its successors, legal representatives or assigns as fully
and entirely as the same would have been held and enjoyed by the assignor if this
assignment and sals had not been made.

Assignor{s) hersby binds themselves, their heirs, legal representatives, administrators,
and assigns properly to execute without further consideration, any and all applications,
petitions, caths, assignments or other papers and instruments which may be necessary in
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Altormney Dockel. No. 107373-28
Qur clients rel PT 11136/U8

Page 2ot 2

order to carry into full force and effect the sale, assignment and transfer heraby made, or
intended or agresd 1o be made.

And for said considerations, the Assignors hergby assigns o sald Assignees, iis
successors, legal representatives angd assigns, the entire right, tile and intsrest in said
invention or improvement for any and all foreign countries and agrees upon the request of
said Assignee, its successors, legal representatives or assigns to execule any and all
documents that shall be reguired of the Assignors o be executed in connection with any and
all applications for foreign Letters Patent therefor, including the prosscution thereof, and to
gsxecute any and all documents necessary o invest titls in sald foreign applications and
patents in said Assigneas, thelr successors, legal representatives or assigns.

Signature:

X
T AN s e T

Signature: w'f'* “‘ — Data: fé ,ffzf’ ‘ ?@ //f
Samir El GHARIB

PATENT
REEL: 027476 FRAME: 0476



Resonant circuit inverter with controllable operating point

BACKGROUND OF THE INVENTION
(1) Field of the Invention
The present invention relates to a resonant circuit inverter with a controllable

operating point.

(2) Description of Related Art
Resonant circuit inverters are described, for example, in the textbook
"Leistungselektronik" (Power Electronics) by Rainer Felderhoff, published by Carl
Hanser Verlag, 2" edition, ISBN 3-446-18993-9. The resonant circuit inverters
described therein have, for example, a three-phase rectifier, a DC-link circuit and
a single-phase inverter, with the output of the inverter forming the output of the
resonant circuit inverter through which the current flows to the connected load.

Resonant circuit inverters are frequently used as frequency converters.

The document EP 0 617 503 A1 describes a method and an apparatus for
controlling the operating point of a resonant circuit inverter. The resonant circuit
inverter disclosed in this document is used for inductive heating of a heated
material. The document describes the significance of the frequency of the current
in the load circuit selected for inductive heating. The frequency of the output
current is advantageously either slightly greater than the resonance frequency or
slightly smaller than the resonance frequency, depending on the selection and/or
availability of the electro-technical components. As also described in the
document, the load circuit then assumes an inductive characteristic or a
capacitive characteristic, which means that the output current is either lagging or
leading the voltage at the output of the resonant circuit inverter. The operating
point for operating the resonant circuit inverter described in the document is
determined by the phase angle between the output current and the voltage at the

output of the resonant circuit inverter.

PATENT
REEL: 027476 FRAME: 0477



In the aforedescribed inductive heating application, the parameter in the load
circuit changes due to the heating, causing the resonance frequency to change.
The phase angle between the output current and the voltage at the output of the
resonant circuit inverter also changes, i.e., the operating point changes, which is
undesirable.

It was an object of the solution described in the aforementioned document to
propose a method and an apparatus for controlling the operating point of a series
resonance circuit inverter, so that the predetermined operating range for the
resonant circuit inverter can be identified and kept stable independent of
parameter variations of the oscillating circuit elements.

The aforementioned document discloses a control of the phase angle, wherein
the controller evaluates the difference between a nominal phase angle and an
actual phase angle and depending on the evaluation adjusts the frequency of the
output current by operating on the inverter. The phase angle may be, for
example, the angle between the output current and the voltage at the output of
the inverter.

The document also describes using the phase angle between other quantities,
because using particularly the output current may sometimes be

disadvantageous.

A resonance circuit inverter can not only be used to inductively heat materials.
Materials may also be heated by conducting current through the materials and
using their effective resistance, as is the case, for example, when heating silicon
rods or thin silicon rods in the manufacture of polysilicon by chemical vapor

deposition with the Siemens process.
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As in inductive heating of materials, when heating silicon rods or thin silicon rods
(also referred to as silicon seed rods), the growth of the silicon rods or thin silicon
rods changes parameters in the oscillating circuit. The resonance frequency of
the oscillating circuit then also changes with chemical vapor deposition, requiring
an adjustment of the operating point commensurate with this change. The
operating point can be adjusted in vapor deposition as well as in inductive
heating by changing the phase angle between the output current and the voltage

at the output of the resonant circuit inverter.

Double-commutations may occur in a resonant circuit inverter, in particular when
using a single phase inverter with H-connection, at frequencies close to the
resonance frequency, which causes in short succession directional changes in
the output current. These muitiple directional changes result in several zero
crossings of the output current, making detection of a zero crossing for detecting
the phase angle between the output current and the voltage at the output of the

resonant circuit inverter at least difficult.

This is a starting point for the invention.

BRIEF SUMMARY OF THE INVENTION
It is an object of the invention to propose a resonant circuit inverter which allows
a control of the phase angle, i.e., of the operating point, without requiring

detecting the zero crossing of the output voltage.

This object is attained with the invention in that for determining the actual phase

angle, wherein a difference can be determined between

— a measured time which can be measured between a time when a turn-on
pulse is applied to a control electrodes of a controllable switch of the
inverter receiving the output current and the time of the subsequent zero

crossing of the output current, and
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— a known dead time between the time when a turn-on pulse is applied to a
terminal of the inverter for receiving the output current by a controllable
switch of the inverter and a subsequent reversal of the voltage at the

output of the inverter.

At a known frequency, the phase angle between the times of the end of the dead
time and the zero crossing of the output current within one period of the output
current and/or the output voltage can be determined from this difference, without

creating a problem for a skilled artisan.

A resonant circuit inverter according to the invention may include a second
control means for controlling the output current. If the output current provided by
the resonant circuit inverter is not sufficient even when the phase angle is
properly controlled, then the output current can be controlled, so that the actual
output current can reach a desired nominal output current. Advantageously,
control of the output current is here slower than control of the phase angle, so
that the resonant circuit inverter is always operated at the desired operating point

and with the output current resulting at the desired operating point.

A means for forming a control difference from a signal for a nominal output
current and a signal for an actual output current measured with a current sensor
may be associated with the second control means. The resonant circuit inverter
may include a means for forming the absolute value of the control difference and
for comparing the absolute value of the control difference with a predetermined
value. Depending on a result of this comparison, either only the first control
means for controlling the phase angle may be activatable or deactivatable, or
both the first control means for controlling the phase angle and the second
control means for controlling the output current may be activatable or

deactivatable.
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For a small control deviation of the output current, the intent is to achieve the
desired current by first controlling the phase angle, i.e., the operating point. This
is particularly useful if the control difference between the actual phase angle and
the nominal phase angle is large and the frequency adjusted at the inverter is
significantly different from the resonance frequency. In this case, one can
assume that a substantially larger current may be attained at the operating point

with the desired nominal phase angle than with the adjusted frequency.

Control of the output current is activated only if this is not sufficient or if the
magnitude of the control deviation is too large. A control value for the DC voltage
in the DC-link circuit is then supplied to the rectifier. The rectifier can adjust
(preferably control) this voltage in the DC-link circuit. Because the output current
depends directly from the DC-link voltage, the output current can be controlled by

changing the DC-link voltage.

When operating a resonant circuit inverter according to the invention, the
resonance frequency can be initially determined for initializing the resonant circuit
inverter. The resonance frequency can be determined by decreasing the
frequency, starting from a start value, and then measuring the output current.
The frequency where the largest output current is measured can then be
determined as the resonance frequency. Because no reactive current is present
in the output circuit, the highest effective current is measured at resonance. The
resonance frequency can thus be determined in practice by measuring the output

current.

After the resonance frequency is determined, the phase angle can be controlled
with the first control means for the phase angles. For controlling the phase angle,

the difference can be determined between

— a measured time which can measured between a time when a turn-on

pulse is applied to a control electrode of a controllable switch of the
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inverter receiving the output current and the time of the subsequent zero
crossing of the output current, and

— a known dead time between the time when a turn-on pulse is applied to a
control electrode of a controllable switch of the inverter receiving the
output current and a subsequent reversal of the voltage at the output of

the inverter.

The actual phase angle can then be determined from the difference and a control
difference can be formed from a nominal phase angle and the actual phase
angle. The frequency can be changed with the first control means depending on
the control difference of the nominal phase angle and the actual phase angle as
a controlled variable for the inverter, so that the nominal phase angle is adjusted

at the output of the inverter.

After the phase angle is property adjusted, control of the output current with the
second control means can be started, if a magnitude of a control difference
between the nominal output current and the actual output current is greater than

a predetermined value.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S)
Additional features and advantages of the present invention will now be

described with reference to the drawings, which show in

FIG. 1 a high-level circuit diagram of a circuit arrangement according to the
invention with a resonant circuit inverter according to the invention and

loads connected to the circuit arrangement,

FIG.2  resonance curves of the resonant circuit inverter and of components

connected thereto,
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FIG.3 the curve shape of an output voltage of the resonant circuit inverter, of
an output current of the resonant circuit inverter, of an output current of
the circuit arrangement, and of a control voltage applied on a control
electrode of a rectifier valve of the inverter over slightly more than one

period,

FIG. 4 a detail of FIG. 3, and

FIG.5  a schematic control circuit diagram of the circuit arrangement

according to the invention.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 illustrates only the power-electronic components of the circuit
arrangement according to the invention. Controllers, measurement transducers
or other components or elements required for regulating or controlling the power-

electronic components are not shown.

The circuit arrangement according to the invention illustrated in FIG. 1 has a
three-phase input 25 with terminals connected with a three-phase network L1,
L2, L3 via switches and fuses 1. The network may be a public low-voltage power
grid. The circuit arrangement according to the invention produces from the three-
phase AC voltage at the input 25 a 2-phase AC voltage across the output 26 of

the circuit arrangement 2.

The voltages of the two-phase AC voltage are shifted with respect to each other
by 180°, i.e. by half a period, and thus have opposite phases. Furthermore, the
voltages of the two-phase AC voltage system have the same effective value. The
voltage between the phase conductors of the two-phase AC voltage system is

therefore zero.
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Each of the outputs 26 has a phase conductor terminal 261 and a center
conductor terminal 262. A respective load 3 is connected between the
corresponding phase conductor terminal 261 and a center conductor terminal
262. This load may be, for example, one or several silicon rod pairs in a Siemens

reactor.

It is the object of the circuit arrangement according to the invention to produce,
inter alia, the two-phase AC voltage from the three-phase AC voltage.

It is another object of the circuit arrangement 2 according to the invention to
enable with the circuit arrangement 2 according to the invention an adjustment of

the frequency of the two-phase AC voltage at the outputs 26.

It is yet another object to be able to enable with the circuit arrangement 2

according to the invention an adjustment of the current through the outputs 26.

For adjusting the frequency of the current and the magnitude of the current
flowing through the outputs 26 of the circuit arrangement 2 according to the
invention, the circuit arrangement 2 according to the invention has a resonant

circuit inverter 20.

The resonant circuit inverter 20 includes as a rectifier a six-pulse bridge circuit
(B6 circuit), a three-phase AC current transformer connected upstream of the
bridge circuit and enabling galvanic isolation from the network. The six-pulse
bridge circuit includes controllable converter valves, so that the DC voltage at the
output of the six-pulse bridge circuit can be adjusted. The transformer and the
six-pulse bridge circuit are indicated in FIG. 1 by a symbol having the reference
number 201.

In the so-called DC link circuit, a capacitor 202 is connected in parallel with the

output of the six-pulse bridge circuit, as is known in the art.
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An inverter 203 is connected downstream of the DC link circuit with the capacitor
202. The inverter 203 is a single-phase inverter with an H-circuit of converter

valves.

The frequency of the current supplied by the inverter 203 depends on the
switching frequency of the converter valves of the inverter 203. The magnitude lig
of the current supplied by the inverter depends on the DC voltage Upc in the DC
link circuit, which can be adjusted by way of the six-pulse bridge circuit.

The resonant circuit inverter 20 is essentially known in the art.

A transformer 22 is connected downstream of the resonant circuit inverter 20.
The transformer 22 has a primary winding 221 which is connected to the output
of the inverter 203 or the output of the resonant circuit inverter 20, respectively.
The transformer 22 moreover has two secondary windings 222, 223. The two
secondary windings 222, 223 are wound in opposite directions and arranged on
a leg of a transformer core of the transformer 22. They are therefore penetrated

by the same magnetic field.

Adjacent ends of the secondary windings 222, 223 are connected with one
another and form the center point of the two-phase voltage system provided at
the output of the circuit arrangement 2 according to the invention. The center
point is connected with terminals 262 of the outputs 26 of the circuit arrangement

2 by way of switches 24.

The remaining opposite ends of the secondary windings 222, 223 are each
connected with the terminal 261 of the outputs 26 via a corresponding capacitor
23 and a switch 24. These terminals form the terminals for the phase conductors
of the two-phase voltage system provided by the circuit arrangement 2 according

to the invention.
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The transformer 22, the capacitors 23 and the loads 3 form an oscillator circuit S
at the output of the resonant circuit inverter 20. As any oscillator circuit, this
oscillator circuit has a resonance frequency.

The effective power converted in the oscillator circuit S is highest when the
frequency of the output current flowing via the output of the resonant circuit
inverter 20 and hence via the oscillator circuit S is equal to the resonance
frequency. The reactive power in the resonance circuit S is then as small as

possible.

It would therefore be desirable to operate the inverter 203 of the resonant circuit

inverter 20 at the resonance frequency of the oscillator circuit S.

However, it has been observed that it is disadvantageous for several reasons to
operate the inverter at the resonance frequency of the oscillator circuit. For
example, undesirable double commutations occur during the operation of the
inverter 203.

These can be prevented if the frequency is slightly higher than the resonance
frequency of the oscillator circuit S. If the frequency is slightly higher than the
resonance frequency, then a phase angle is present between the output current
list Of the resonant circuit inverter 20 and the output voltage Ui of the resonant

circuit inverter 20.

This also indicates that the operating point is in an inductive range, so that the
diodes are not so highly loaded and the dissipated power through the diodes is

not high. The double commutations do not occur.

According to the invention, the operating point for operating the resonant circuit

inverter 20 is determined by a predetermined phase angle. Once a

10
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predetermined phase angle is adjusted, the resonant circuit inverter 20 is

operated at the desired operating point.

Because at least the loads 3 of the oscillator circuit S have a changeable
impedance — these are silicon rods whose resistance changes — the parameter of
the oscillator circuit S change during operation of the circuit arrangement
according to the invention, causing a change in the resonance frequency. For

example, the resonance frequency may increase, as indicated in FIG. 2.

To always maintain the same operating point, the frequency at which the inverter
203 is operated, must thus be adjusted commensurate with the frequency of the
output current lii. For this purpose, the phase angle between a current It and a
voltage Ui at the output of the resonant circuit inverter 20 is controlled in the
resonant circuit inverter 20 according to the invention. Instead of the output
current lis; of the resonant circuit inverter 20, a load current lse« through one of the
loads 3 could also be used for determining the phase angle, because this load
current lsex is in phase with the output current li; of the resonant circuit inverter
20.

However, measuring the zero crossing of the output voltage Ui at frequencies
close to the resonance frequency poses a problem. The zero crossing of the
output voltage Ui cannot be unambiguously or reliably determined due to double
commutations in a frequency band around the resonance frequency. The double
commutations can be seen in FIGS. 3 and 4 from the curve shape Ui of the

output voltage of the resonant circuit inverter.

The invention is based on the observation illustrated in FIGS. 3 and 4, that the
zero crossing or inversion point of the output voltage Ui relevant for determining
the phase angle has a fixed temporal relationship to the time when a turn-on
pulse of a control signal G is applied to a terminal of the inverter for receiving the
output current lig; through a controllable switch of the inverter. This fixed temporal

11
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relationship is determined by a dead time T stored in a driver of the inverter
which transmits the turn-on pulse applied to the inverter to the electrode of the
switch receiving the current only after the expiration of the dead time T. This
delayed transmission is necessary to prevent short-circuits during the

commutation process.

The dead time T; is determined by the driver.

Because the dead time T, is known, it is sufficient for determining the actual
phase angle to measure the time of the zero crossing of the output current li.
This time can be measured, for example, in reference to the start of the turn-on
pulse of the turn-on signal G. Once the time T; between the start time of the turn-
on pulse and the zero crossing of the output current lis; has been measured, the
time T, between the zero crossings of the output voltage Uit and of the output
current It can be determined by forming the difference between the measured
time T; and the dead time T:. For a known frequency, the phase angle can then
be readily determined.

The phase angle and hence the operating point of the circuit arrangement
according to the invention can now be controlled with the invention, as illustrated
in FIG. 5.

The circuit arrangement according to the invention is controlled by two control
circuits, with one control circuit controlling the phase angle (and hence controlling

the operating point) and one control circuit controlling the output current l;.

The control circuit for controlling the phase angle has a phase detector 8 which
can be used to determine an actual phase angle as a function of a zero crossing
of the output current lis.. A means for detecting a zero crossing of the output
current list is integrated in the phase detector. The phase detector has an input
via which the actual output current is supplied to the phase detector.

12
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For determining the phase angle, the phase detector still needs information about
the zero crossing of the output voltage Ui. This information is provided to the
phase detector 8 by the inverter 203. The information includes the dead time T;
and the start time of the turn-on pulse of the turn-on signal G. The phase detector
8 can determine from this information the actual phase angle and the time of the
zero crossing of the output current lig; for a known frequency, whose value is also

provided by the inverter 203.

The actual phase angle or a signal representing the actual phase angle is
subtracted from the predetermined nominal phase angle in a means 9 for forming
a control difference, which determines the desired operating point. The control
difference determined in this manner is supplied to a first control means 10 which
determines from the control difference a controlled variable. The controlled
variable is the frequency f which is adjusted at the inverter 203 to minimize the

control difference.

The control circuit for controlling the output current lis; includes a current sensor 4
which converts the actual current of the output current lis; into a signal
representing the actual current. For forming the control difference e, this signal
representing the actual current is subtracted from the reference variable, i.e.,
from a signal representing the nominal current, in a means 5 for forming the

control difference e.

This control difference e is then initially further evaluated. This evaluation takes
place in a means 6 for forming the absolute value of the control difference and for
comparing the absolute value of the control difference with a predetermined
value. For this evaluation, the absolute value of the control difference is first
formed in the means 6 and subsequently compared with a predetermined value.
If the value of the control difference is greater than the predetermined value, then

a second control means 7 for controlling the output current s is activated. The

13
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second control means 7 for controlling the output current may be a Pl controller.
The second control means 7 generates a controlled variable which operates on
the rectifier 201 to change the DC link voltage Upc, from which the output current

list of the inverter 203 and of the entire resonant circuit inverter 20 depends.

14
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Claims:

1. A resonant circuit inverter comprising:
a rectifier,
a DC link circuit (202) and
an inverter (203) including controllable switches and an output
forming the output of the resonant circuit inverter, via which the current
of a connectable load is transmitted,
wherein the resonant circuit inverter (20) comprises
a first control means (10), with which the operating point (A;) of the
resonant circuit inverter (20) determined by a phase angle between an
output current (Iis) and a voltage (Ui) at the output of the resonant circuit
inverter (20 is being controlled,
wherein the first control means (10) determines as a controlled
variable a frequency of the output current (li) to be adjusted with the
inverter (203),
wherein the resonant circuit inverter (20) comprises a phase
detector (8) with which an actual phase angle is determined as a function
of a zero crossing of the output current (list),
wherein the resonant circuit inverter comprises a means for
detecting a zero crossing of the output current (Iist), and
wherein for determining the actual phase angle, the difference (Ti—
Ty) is determined from a measured time (T;), measured between a time when a
turn-on pulse is applied to a control electrodes of a controllable switch of the
inverter receiving the output current (list) and the time of the subsequent zero
crossing of the output current (lis), and
a known dead time (T;) between the time when a turn-on pulse is
applied to a terminal of the inverter (203) which receives the output current via a
controllable switch of the inverter (203) and a subsequent reversal of the voltage
at the output of the inverter (203).

15
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2. The resonant circuit inverter (20) according to claim 1, wherein the
resonant circuit inverter (20) comprises a second control means (7) with

which the output current (list) is controlled.

3. The resonant circuit inverter (20) according to claim 1, wherein a means
(5) for forming a control difference (e) from a signal (I*sor) for a nominal
output current and a signal (I*st) for an actual output current (ligt), as
determined with a current sensor, is associated with the second control

means (7).

4, The resonant circuit inverter (20) according to claim 3, wherein the
resonant circuit inverter (20) comprises a means (6) for forming the
absolute value (|e]) of the control difference (e) and for comparing the
absolute value (|e|) of the control difference (e) with a predetermined

value.

5. The resonant circuit inverter (20) according to claim 4, wherein depending
on a result of the comparison, either the first control means (10) for
controlling the phase angle is being activated or deactivated, or the first
control means (10) for controlling the phase angle and the second control
means (7) for controlling the output current (lit) is being activated or

deactivated.

& » A method for operating a resonant circuit inverter (20) comprising the steps of:

providing a rectifier,

providing a DC link circuit (202) and an inverter (203) including
controllable switches and an output forming the output of the
resonant circuit inverter, via which the current of a connectable
load is transmitted, wherein the resonant circuit inverter (20)
comprises a first control means (10), with which the operating point
(Ap) of the resonant circuit inverter (20) determined by a phase

16
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angle between an output current (li) and a voltage (Uis) at the
output of the resonant circuit inverter (20 is being controlled,
wherein the first control means (10) determines as a controlled
variable a frequency of the output current (lis) to be adjusted with
the inverter (203),
wherein the resonant circuit inverter (20) comprises a phase
detector (8) with which an actual phase angle is determined as a
function of a zero crossing of the output current (list),
wherein the resonant circuit inverter comprises a means for
detecting a zero crossing of the output current (list), and
wherein for determining the actual phase angle, the difference (Ti—
Ty) is determined from a measured time (T;), measured between a
time when a turn-on pulse is applied to a control electrodes of a
controllable switch of the inverter receiving the output current (list)
and the time of the subsequent zero crossing of the output current
(list), and
a known dead time (T;) between the time when a turn-on pulse is
applied to a terminal of the inverter (203) which receives the output
current via a controllable switch of the inverter (203) and a
subsequent reversal of the voltage at the output of the inverter
(203) and

determining the resonance frequency first for initializing the resonant

circuit inverter (20) .

The method according to claim 6, wherein for determining the resonance
frequency, the frequency is decreased starting from an initial value and
the output current (list) is measured, and the frequency where the largest
output current (list) is determined is determined as the resonance

frequency.
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10.

11.

12.

The method according to claim 7, wherein after the resonance frequency
is determined, control of the phase angle with the first control means (10)

for the phase angles begins.

The method according to claim 7, wherein for controlling the phase angle,
the difference (Ti—Ty) is determined from a measured time (T;), measured
between a time when a turn-on pulse is applied to a control electrode of a
controllable switch of the inverter receiving the output current (list) and the
time of the subsequent zero crossing of the output current (lis;), and

a known dead time (T;) between the time when a turn-on pulse is applied
to a control electrode of the controllable switch of the inverter (203)
receiving the output current and a subsequent reversal of the voltage (Uist)
at the output of the inverter (203).

The method according to claim 7, wherein the actual phase angle (@) is
determined from the difference (Ti—T¢) and a control difference is formed

from a nominal phase angle (Pso1) and the actual phase angle (®is).

The method according to claim 8, wherein the phase angle (®ist) changes
with the first control means the frequency depending on the control
difference between the nominal phase angle (®soi) and the actual phase
angle (®is) as a controlled variable for the inverter, so that the nominal

phase angle (P, is set at the output of the inverter (20).

The method according to claim 8, wherein after the phase angle (®is) is
adjusted, control of the output current (lis;) is started with the second
control means (7), if an absolute value (|e|) of a control difference (e)
between the nominal output current (lsoi) and the actual output current (list)

is greater than a predetermined value.

18

PATENT
REEL: 027476 FRAME: 0494



13.

14.

15.

A circuit arrangement (2) comprising

a resonant circuit inverter (20), according to claim 1, wherein the
circuit arrangement (2) has at the output of the resonant circuit inverter
(20) a transformer (22) with a primary winding (221) and two oppositely
wound secondary windings (223) with the same number of turns, which
are connected with one another at one end, so that voltages with opposite
polarities having the same or approximately the same absolute value can
be tapped at the secondary windings (223), and the voltage between the
ends of the secondary windings that are not connected with one another is

zero or approximately zero.

The circuit arrangement (2) according to claim 13, wherein the ends of the
secondary windings that are not connected with one another are each
connected in series with a respective output (26) of the circuit

arrangement (2).

The circuit arrangement (2) according to claim 14, wherein a capacitor
and/or a switch is arranged between the ends of the secondary windings

that are not connected with one another and a terminal of the outputs.
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Abstract

A resonant circuit inverter with a rectifier, a DC link circuit and an inverter
including controllable switches. The resonant circuit inverter has a first control
means, with which the operating point (A) of the resonant circuit inverter
determined by a phase angle between an output current (list) and a voltage (Uisy)
at the output of the resonant circuit inverter is controlled. The first control means
determines frequency of the output current (lisy). The resonant circuit inverter has
a phase detector for determining an actual phase angle as a function of a zero
crossing of the output current (lit). The resonant circuit inverter has means for
detecting a zero crossing of the output current (lit). For determining the actual
phase angle, the difference (Ti~T) is determined from measured time (T;) and a
known dead time (Ty).

537654
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